The soil fungus Polymyxa betae, Keskin, besides being a root parasite, plays a role of a vector in dissemination of Beet necrotic yellow vein virus (BNYVV) causing rhizomania in sugar beet. An alternative to its chemical control is the application of antagonistic microorganisms suppressing proliferation of the fungal vector. In the present work, 66 Trichoderma isolates have been obtained from sugar beet plantations from diverse locations in Slovakia. The ability of the selected isolates to grow at low temperature (10 • C) and to suppress the colonization of roots with P. betae and the multiplication of BNYVV in roots under glasshouse conditions were tested. The roots of sugar beet seedlings growing in the BNYVV-infested soil were analyzed by serological ELISA test using monoclonal and polyclonal antibodies for the presence of BNYVV and checked microscopically for the occurrence of cystosori of P. betae. The efficacy of the selected strains to suppress the proliferation of BNYVV varied on the average between 21 and 68%. On the basis of these tests, candidate strains for practical application in biocontrol of sugar beet rhizomania were selected.
Introduction
Sugar beet rhizomania caused by Beet necrotic yellow vein virus (BNYVV) is a worldwide disease endangering sugar beet cultures in various regions of Europe (Asher, 1993; Stas et al., 2001 ), U.S.A. (Heidel & Rush, 1994) and Japan (Tamada, 1975) , as well as in Slovakia (Šubíková et al., 1992) . The roots of the plants invaded by the virus are dwarfed, with proliferated secondary root system, having a reduced content of sucrose. The symptom of proliferated fine roots gives the disease its name: rhizomania or 'root madness'. The disease is transmitted by thick-walled zoospores (called cystosori) of the endoparasitic slime mold Polymyxa betae, Keskin serving as a vector for BNYVV (Fujisawa & Sugimoto, 1977; Abe & Tamada, 1986; Campbell, 1996) . The virus-infected thick-walled zoospores, the cystosori of P. betae remain potentially viable in the soil for 15 years or even longer in the absence of a suitable host. P. betae is present in almost all types of soils where sugar beet is grown but in the absence of the virus it remains relatively harmless, particularly in temperate or cold climate (Blant et al., 1991) .
There is a worldwide effort to adopt the practice of sustainable agriculture, using strategies that are environment-friendly. Besides breeding sugar beet cultivars resistant to the disease (Asher, 1993; Scholten & Lange, 2000) , application of antagonizing biological agents for plant protection appears to be another promising alternative. The genus Trichoderma Pers. ex Fries is typical soil saprophyte, with ability to colonize the roots of higher plants where it can serve as a protection against pathogenic fungi (see reviews by Papavizas, 1985; Harman et al., 2004) . The mycoparasitic behavior of Trichoderma spp. limits the growth and activity of plant pathogenic fungi. The species of Trichoderma have provided various levels of biological control of a number of important soil borne plant pathogens, including Sclerotium cepivorum Berk. (Abd-el Moity & Shatla, 1981) , Rhizoctonia solani Kuhn (Chet et al., 1981; Ruppel et al., 1983) , Pythium spp. (Chet et al., 1981) and many others (reviewed by Hjeljord & Tronsmo, 1998) .
The success of biocontrol largely depends on the ability of the antagonists to proliferate under conditions of the given environment. For this reason, the applica-tion of native fungal strains in biocontrol may be advantageous or even desirable because they are adapted to specific environmental conditions. Equally important is the fact that native strains do not represent a foreign element potentially endangering the local biodiversity.
The objective of the present study was to select, out of the isolates from various regions of Slovakia, the strains of Trichoderma having potential for biological control of Polymyxa betae transmitting sugar beet rhizomania.
Material and methods
Isolation of Trichoderma spp. Soil was collected in more than 80 different locations in Slovakia ( Fig. 1) , from the fields used for commercial production of sugar beet during two seasons (1998 and 1999) . The soil samples were taken at random, 3-5 samples of about 100 g of soil from depth of 10-20 cm from each field. The subsamples from a single sampling area were then thoroughly mixed and stored in sterile polyethylene bags at 4
• C until isolation. In laboratory, 10 g soil samples were suspended in 50 mL of sterile distilled water. After 20 hours standing at 4
• C, pH of the suspensions was measured, and aliquots were diluted 10-1000× and spread on Petri dishes containing modified Czapek-Dox medium (CDM) selective for Trichoderma spp. (SMITH et al. 1990) 
Selection of cold-tolerant isolates
Five mm-diameter disks cut from the margin of actively growing colony were transferred to the center of 90 mmdiameter Petri dish containing 25 mL of CDM agar. The cultures were incubated in a thermostat at 10
• C in the dark and colony diameter was measured. The measurement was done in three different directions across the colony and the results were averaged. After six days of growth, the average colony size was 34.5 mm. Isolates with colony size by at least 25% greater than that of the average were considered to be cold tolerant. Variability in basal growth rates of individual strains at 30
• C was not considered. Species identification of the isolates used in biocontrol experiments was done on the basis of sequence analysis of PCR-amplified internal transcribed spacers ITS1 and ITS2 of ribosomal DNA and comparing the obtained sequences with data in TrichoBLAST database http://www.isth.info/tools/blast/index.php (KU-BICEK et al., 2003) .
Preparation of inocula
Inocula consisting of spores and chlamydospores of Trichoderma spp. were prepared from cultures grown at ambient temperature at natural day-night regime in Petri dishes with CDM agar for 10 days. The conidia were washed-off from the surface of colonies by sterile 0.8 M NaCl containing 0.025% Tween 20 and filtered through a sterile glass wool. The concentration of conidia was adjusted by the wash solution to 
10
8 mL −1 and the suspensions were stored for 3-6 days at 4
• C before use.
Biocontrol activity
The seeds of BNYVV-sensitive sugar beet cultivar (Beta vulgaris L. var. altissima, DOELL cv. Intera) were soaked overnight in a suspension of Trichoderma conidia (ca. 10 8 conidia mL −1 ) in sterile wash solution. They were then planted into ten 500-mL pots containing a mixture of soil (pH 7.0) originating from a field heavily infested with BNYVV and sterile sand (1:1, by weight). To each pot, 4 seeds were planted and watered with 2 mL of conidial suspension per seed. The plants were grown for 6 weeks in an air-conditioned greenhouse at 22-25
• C, 70% relative humidity with natural day-night regime (16-17 h day period) and watered with tap water as needed. After 6 weeks, roots from 15 randomly selected plants were washed with water and homogenized with pestle in a mortar with two volumes of phosphate-buffered saline (PBS), pH 7.6 containing 0.05% Tween 20. The homogenate was assayed for the presence of BNYVV using the double-antibody sandwich enzyme-linked immunoassay (DAS-ELISA) according to CLARK & ADAMS (1977) . Samples of 3-4 lateral root segments from each plant were cut off at a distance 10 mm from the tip, stained with bromophenol blue (0.01% bromophenol blue in 0.1 M citrate buffer, pH 5, containing 1% glutaraldehyde) and the surfaces of the specimens were examined for the presence of cystosori of P. betae in a light-microscope. Each experiment was repeated at least three times during three vegetation seasons (May to June, 1999 June, -2001 . Serological kits for BNYVV determination were purchased from Boehringer, Mannheim and from Loewe Biochemica GmbH, Germany).
Results and discussion
In the present work, we have isolated strains of Trichoderma from sugar-beet farming locations from various regions of Slovakia. The primary reason for the selection of biocontrol strains from the local habitats was to avoid the introduction of foreign microorganisms into the ecosystem and thereby protect the natural biodiversity. In addition, we have been led by the assumption that domestic strains are better accommodated to local soil-and climatic conditions than the imported ones. From over 80 soil samples, 66 Trichoderma isolates were obtained. Of these, 10 were cold-tolerant by being able to grow at relatively low temperatures between 10 and 15
• C. Cold-tolerance gives the biocontrol agent an advantage of faster growth and colonization of plant roots in the early spring when the soil temperature is still suboptimal for growth of the pathogen (Antal et al., 2000; Bakshi et al., 2001) . Of the ten cold-tolerant Trichoderma strains, three were selected for further testing. An important argument for their selection was that besides being cold-tolerant, they produced high yields of conidia in solid substrate-and submerged fermentations (to be described elsewhere). The ability to produce abundant propagules is an important property of a potential biocontrol agent.
Mechanisms by which Trichoderma spp. protects the plants against phytopathogenic fungi may be of multiple natures. Besides antagonizing phytopathogenic fungi by mycoparasitic behavior, many strains of Trichoderma induce systemic resistance in plants (De Meyer et al., 1998; Koike et al., 2001; Yedidia et al., 2003) . Furthermore, the interaction with compounds secreted by Trichoderma spp. elicits production of pathogenesis-related proteins (PRproteins) in plants, including enzymes -chitinases, β-1,3-glucanases, and peroxidases as the constituents of plant defense mechanism (Sequiera, 1983; Yedidia et al., 1999; Paulitz & Matta, 2000) .
Literature reports on utilization of Trichoderma for biocontrol of sugar beet rhizomania are scarce. Initial studies performed by D'Ambra & Mutto (1986) pointed out to the ability of Trichoderma to parasitize on Polymyxa betae cystosori. Camporota et al. (1988) and Kastirr & Schmidt (1990) demonstrated an effective suppression of P. betae growth by different Trichoderma strains; however, no attempt was made to correlate the Polymyxa colonization of roots with the occurrence of BNYVV.
We have considered the suppression of the occurrence of P. betae cystosori in beet roots as a rough indication of biocontrol efficiency of the individual Trichoderma strains. On the other hand, the ELISA determinations of BNYVV in the roots are considered as objective and could be evaluated statistically. Table 2 summarizes the results of determinations of suppressor efficiency of the selected isolates on proliferation of P. betae and multiplication of BNYVV in the infected plants during three vegetation seasons. The effi- cacy of the selected strains to suppress the proliferation of BNYVV varied on the average between 21 and 68%. As the reference strain, Trichoderma longibrachiatum (reesei) MHC22 from the culture collection of the Institute of Chemistry, Slovak Academy of Sciences in Bratislava was used. The main characteristic of this mutant strain is that it produces increased amounts of β-1,4/β-1,3-glucanases (Farkaš et al., 1981) . It is known that β-glucanases and other cell-wall degrading enzymes (CWDEs) play an essential role in mycoparasitism (Thrane et al., 1997; Woo et al., 2002) . The reference strain MHC22 grew well at 22-25 performed rather poorly at low temperatures, therefore it could not be considered for practical application as biocontrol agent against Polymyxa. From the natural isolates, Trichoderma atroviride I-2 from Pereš in Southern Slovakia was the most effective in suppressing the occurrence of P. betae and the multiplication of BNYVV in sugar beet roots. The average reduction of BNYVV multiplication by this strain was 68% but in some cases it suppressed the occurrence of P. betae and BNYVV infection completely. For this reason, the strain was selected for the field trials (to be described elsewhere). The inhibition of the incidence of Polymyxa betae cystosori in beet roots by Trichoderma atroviride I-2 is illustrated in Figs 2, 3. Although the experiments were performed an air-conditioned glasshouse, significant variations in weather conditions over a period of three years have reflected in the relatively great SD values of the results summarized in Table 2 .
